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(54) AUTOSAMPLER SEAL PACK FOR REDUCING A CARRYOVER PERCENTAGE

(57) A seal pack of a sample manager of a liquid chro-
matography system having a plurality of wash flow path-
ways fluidically connected to a central pathway that ac-
commodates a sample needle, wherein a first wash flow
pathway is vertically offset from a second wash flow path-
way, such that a wash solution flows axially along an
exterior surface of the sample needle in a vertical direc-
tion to wash the sample needle when flowing from the
first wash flow pathway to the vertically offset second
wash flow pathway, is provided. Furthermore, an au-
tosampler and associated methods are also provided.
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Description

RELATED APPLICATIONS

[0001] This application is a non-provisional patent ap-
plication claiming priority to U.S. Provisional Patent Ap-
plication No. 62/650,140, filed March 29, 2018, entitled
"Autosampler Seal Pack For Reducing A Carryover Per-
centage," which is incorporated herein by reference.

FIELD OF TECHNOLOGY

[0002] The following relates to embodiments of a seal
pack, and more specifically to embodiments of a seal
pack of an autosampler for liquid chromatography sys-
tems having an improved carryover percentage.

BACKGROUND

[0003] Liquid chromatography is a technique in ana-
lytic chemistry where distinct components of a mixture
are identified by separating the individual components
by passing the mixture through an adsorbent medium
using fluid flow so that the components elute at different
rates. Liquid chromatography systems are typically com-
prised of a solvent delivery pump, an autosampler, a col-
umn, and a detector. The solvent delivery pump pumps
mobile phase fluid through the system, the autosampler
introduces the sample to be analyzed to the analytic flow
path, the column contains the adsorbent packing material
used to effect separation, and the detector detects the
separated components as they elute out of the column.
[0004] In certain liquid chromatography systems, seal
packs are a part of the autosampler that is responsible
for making a high-pressure seal with the outer diameter
of the sample needle to allow for injection of a sample
into an analytic flow stream. Further, the seal pack is
responsible for washing the sample needle with a solvent
from a wash reservoir. The sample needle is washed to
remove/clean remaining sample from a previous run.
Sample leftover on the sample needle may increase a
carryover percentage, which is the presence of an ana-
lyte after a blank having no sample is injected into the
analytic flow path. A carryover percentage above certain
limits can adversely affect the analytical data obtained
from the liquid chromatography run.
[0005] Thus, a need exists for improving a washing of
the sample needle to reduce a carryover percentage.

SUMMARY

[0006] A first aspect relates generally to a seal pack of
a sample manager of a liquid chromatography system,
the seal pack comprising: a plurality of wash flow path-
ways fluidically connected to a central pathway that ac-
commodates a sample needle, wherein a first wash flow
pathway is vertically offset from a second wash flow path-
way, such that a wash solution flows axially along an

exterior surface of the sample needle in a vertical direc-
tion to wash the sample needle when flowing from the
first wash flow pathway to the vertically offset second
wash flow pathway.
[0007] In addition or alternatively, the wash solution
flows within the central pathway between the first wash
flow pathway and the second wash flow pathway.
[0008] In addition or alternatively, the wash solution
washes the sample needle as the sample needle moves
vertically within the seal pack.
[0009] In addition or alternatively, the seal pack in-
cludes an upper body portion, a middle portion, and a
lower body portion, which form a general body structure
of the seal pack.
[0010] In addition or alternatively, the first wash flow
pathway and the second wash flow pathway are both
disposed within the upper body portion.
[0011] In addition or alternatively, the first wash flow
pathway includes a wash inlet fluidically connected to an
external wash reservoir of the liquid chromatography sys-
tem.
[0012] In addition or alternatively, the exterior surface
of the sample needle is simultaneously cleaned by the
wash solution at two different subsections of the exterior
surface of the surface needle.
[0013] In addition or alternatively, the two different sub-
sections of the exterior surface of the sample needle be-
ing simultaneously cleaned are located above and below
a high-pressure seal arrangement within the seal pack,
respectively.
[0014] In addition or alternatively, a carryover percent-
age is equal to or less than 0.0025%.
[0015] A second aspect relates generally to a seal pack
of a sample manager of a liquid chromatography system,
the seal pack having an upper body portion, a middle
body portion, and a lower body portion, which forms a
general body structure of the seal pack, the seal pack
comprising: a central flow path extending vertically
through the seal pack, the central flow path accommo-
dating a sample needle, a wash inlet disposed in the up-
per body portion, configured to receive a wash solution,
the wash inlet connecting to the central flow path, a first
wash path disposed in the upper body portion and con-
nected to the central flow path, the first wash path being
vertically offset from the wash inlet, a connecting wash
path extending through the upper body portion, the mid-
dle body portion, and the lower body portion, the con-
necting wash path connecting the first wash path to a
second wash path disposed in the lower body portion,
wherein the second wash path is connected to the central
flow path, a third wash path disposed in the lower body
portion, the third wash path being vertically offset from
the second wash path, and a wash outlet disposed in the
middle body portion, the wash outlet being fluidically con-
nected to a suction pump for drawing the wash solution
through the seal pack.
[0016] In addition or alternatively, when the wash so-
lution flows from the wash inlet to the first wash path, the
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wash solution flows axially along the sample needle in a
vertical direction to directly wash the sample needle.
[0017] In addition or alternatively, when the wash so-
lution flows from the second wash path to the third wash
path, the wash solution flows axially along the sample
needle in a vertical direction to directly wash the sample
needle.
[0018] In addition or alternatively, the seal pack does
not include a lower wash frit.
[0019] In addition or alternatively, the seal pack in-
cludes an upper wash frit retainer and an upper wash frit,
wherein the sample needle passes through the upper
wash frit.
[0020] In addition or alternatively, the seal pack in-
cludes a bushing disposed within the lower body portion,
the bushing having a central bore for receiving the sample
needle as the sample needle moves toward a sample
source.
[0021] In addition or alternatively, the bushing is com-
prised of a non-metal material and prevents damage to
the sample needle from contacting a metal surface of the
seal pack as the sample needle moves towards and away
from the sample source.
[0022] In addition or alternatively, the wash solution is
flowing through the seal pack as the sample needle is
moving within the seal pack.
[0023] In addition or alternatively, the seal pack in-
cludes a first high-pressure seal and a second high-pres-
sure seal, the first high-pressure seal and the second
high-pressure seal are disposed within the middle body
portion, and form a seal around the sample needle at a
point where a sample is injected into an analytic flow path.
[0024] In addition or alternatively, a carryover percent-
age is equal to or less than 0.0025%.
[0025] A third aspect relates generally to an autosam-
pler of a liquid chromatography system, comprising: a
sample needle, the sample needle configured to aspirate
a sample from at least one sample source and inject the
sample into an analytic flow path of the liquid chroma-
tography system, a seal pack, the seal pack comprising
a plurality of wash flow pathways fluidically connected to
a central pathway that accommodates the sample nee-
dle, wherein a first wash flow pathway is vertically offset
from a second wash flow pathway, a pump delivering a
mobile phase to the seal pack, and a needle wash pump
fluidically connected to the seal pack to draw a wash
solution through the plurality of wash flow pathways of
the seal pack and into a waste reservoir, wherein, when
the needle wash pump draws the wash solution through
the plurality of wash flow pathways, a wash solution flows
axially along an exterior surface of the sample needle in
a vertical direction to wash the sample needle when flow-
ing from the first wash flow pathway to the vertically offset
second wash flow pathway.
[0026] In addition or alternatively, the wash solution
flows within the central pathway between the first wash
flow pathway and the second wash flow pathway.
[0027] In addition or alternatively, the first wash flow

pathway and the second wash flow pathway are both
disposed within an upper body portion of the seal pack.
[0028] In addition or alternatively, the first wash flow
pathway includes a wash inlet fluidically connected to the
wash reservoir.
[0029] In addition or alternatively, the exterior surface
of the sample needle is simultaneously cleaned by the
wash solution at two different subsections of the exterior
surface of the surface needle.
[0030] In addition or alternatively, the two different sub-
sections of the exterior surface of the sample needle be-
ing simultaneously cleaned are located above and below
a high-seal arrangement within the seal pack, respec-
tively.
[0031] A fourth aspect relates generally to a method
of washing a sample needle of a liquid chromatography
system, the method comprising: directing a wash fluid
axially along an exterior surface of a sample needle con-
tained within a central pathway of a seal pack, the central
pathway guiding the sample needle in a vertical only di-
rection, wherein the directing the wash solution axially
along the exterior surface of the needle includes: con-
necting a wash fluid inlet flow path located in an upper
body portion of the seal back to the central pathway, and
vertically offsetting a wash flow path located within the
upper body portion from the wash fluid inlet flow path
along the central pathway, wherein a needle wash pump
fluidically connected to a wash flow outlet disposed within
the seal pack is configured to draw the wash solution
from the wash fluid inlet flow path through the central
pathway against the exterior surface of the sample nee-
dle to the wash flow path.
[0032] In addition or alternatively, the directing the
wash solution axially along the exterior surface of the
needle further includes: interconnecting the wash flow
path located in the upper body portion of the seal pack
with a first wash flow path located in a lower body portion
of the seal pack; connecting the first wash flow path to
the central pathway; and vertically offsetting a second
wash flow path located in the lower body portion of the
seal pack from the first wash flow path along the central
pathway.
[0033] In addition or alternatively, the wash fluid wash-
es the sample needle as the sample needle moves ver-
tically within the central pathway.
[0034] In addition or alternatively, the wash fluid outlet
is located in a middle portion of the seal pack.
[0035] In addition or alternatively, the method further
includes drawing air through a bushing disposed in the
lower body portion of the seal pack as the wash fluid is
drawn through the seal pack to reduce an overall solvent
consumption rate as a needle wash pump is turned on.
[0036] In addition or alternatively, the method further
includes disposing a bushing having a bore for receiving
the sample needle in the lower body portion of the seal
pack, the bushing preventing the sample needle from
contacting a surface of the lower body portion of the seal
pack as the sample needle moves vertically in and out
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of the seal pack to aspirate a sample.
[0037] In addition or alternatively, a carryover percent-
age is equal to or less than 0.0025%.
[0038] A fifth aspect relates to a wash sequence for
washing a sample needle of an autosampler of a liquid
chromatography system, the wash sequence compris-
ing: continuously washing an exterior surface of the sam-
ple needle contained within a seal pack of the autosam-
pler as the sample needle moves toward a sample source
located proximate the seal pack, for a predetermined
amount of time.
[0039] In addition or alternatively, the exterior surface
of the sample needle is washed as the sample needle
moves up and away from the sample source.
[0040] In addition or alternatively, in a first sequence,
the predetermined amount of time is between 3-4 sec-
onds, as the sample needle moves from inside the seal
pack to the sample source.
[0041] In addition or alternatively, in a second se-
quence, the predetermined amount of time is between
14-16 seconds, as the sample needle moves towards
the sample source.
[0042] In addition or alternatively, in the second se-
quence, a movement speed of the sample needle from
inside the seal pack to the sample source is reduced to
extend the predetermined amount of time, as compared
to a movement speed of the sample needle in the first
sequence.
[0043] In addition or alternatively, in a third sequence,
the predetermined amount of time is equivalent to the
second sequence, and also includes an additional wash-
ing step for a predetermined amount of time as the sam-
ple needle moves away from the sample source.
[0044] In addition or alternatively, the predetermined
amount of time of the additional washing step is equiva-
lent to the predetermined amount of time for the second
sequence.
[0045] In addition or alternatively, the continuous
washing of the exterior surface of the sample needle oc-
curs axially along the sample needle in a vertical direc-
tion, within a central pathway of the seal pack.
[0046] In addition or alternatively, a wash fluid directly
contacts the exterior surface of the sample needle during
the continuous washing.
[0047] In addition or alternatively, the sample needle
only moves up and down within the seal pack during the
continuous washing.
[0048] In addition or alternatively, the sample needle
is not relocated to a separate component for washing,
and remains within a central pathway of the seal pack.
[0049] In addition or alternatively, a carryover percent-
age is equal to or less than 0.0025%.
[0050] The foregoing and other features of construc-
tion and operation will be more readily understood and
fully appreciated from the following detailed disclosure,
taken in conjunction with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] Some of the embodiments will be described in
detail, with reference to the following figures, wherein like
designations denote like members, wherein:

FIG. 1 depicts a fluidics diagram of an autosampler
of a liquid chromatography system having a seal
pack, in accordance with embodiments of the
present invention;
FIG. 2 depicts a cross-section view of a conventional
seal pack;
FIG. 3 depicts a wash cycle for the current seal pack
of FIG. 2, when a sample needle is in a first position;
FIG. 4 depicts a wash cycle for the current seal pack
of FIG. 2, when the sample needle is in a second
position;
FIG. 5 depicts a cross-sectional-view of a seal pack
100, in accordance with embodiments of the present
invention;
FIG. 6 depicts a wash cycle through the seal pack
of FIG. 5, when the sample needle is in a first position,
in accordance with embodiments of the present in-
vention;
FIG. 7 depicts a wash cycle through the seal pack
of FIG. 5, when the sample needle is in a second
position, in accordance with embodiments of the
present invention;
FIG. 8 depicts a wash cycle through the seal pack
of FIG. 5, when the sample needle has returned to
the first position, in accordance with embodiments
of the present invention; and
FIG. 9 depicts a graphical illustration of achieving a
carryover percentage below 0.0025% using the seal
pack of FIG. 5, in accordance with the embodiments
of the present invention.

[0052] The cross-sectional views are composite imag-
es, as internal features may be in three different sectional
planes.

DETAILED DESCRIPTION

[0053] A detailed description of the hereinafter de-
scribed embodiments of the disclosed apparatus and
method are presented herein by way of exemplification
and not limitation with reference to the Figures. Although
certain embodiments are shown and described in detail,
it should be understood that various changes and mod-
ifications may be made without departing from the scope
of the appended claims. The scope of the present dis-
closure will in no way be limited to the number of consti-
tuting components, the materials thereof, the shapes
thereof, the relative arrangement thereof, etc., and are
disclosed simply as an example of embodiments of the
present disclosure.
[0054] As a preface to the detailed description, it
should be noted that, as used in this specification and
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the appended claims, the singular forms "a", "an" and
"the" include plural referents, unless the context clearly
dictates otherwise.
[0055] Referring to the drawings, FIG. 1 depicts a flu-
idics diagram of an autosampler of a liquid chromatog-
raphy system 10 having a seal pack 100, in accordance
with embodiments of the present invention. An entire liq-
uid chromatography system may not be shown in FIG.
1, but system 10 may also include conventional compo-
nents of a liquid chromatography system not shown, such
as a column, detector, solvent reservoir, etc. Embodi-
ments of the liquid chromatography system 10 may in-
clude a valve V1 (e.g. high-pressure needle valve) fluid-
ically connected to a pump, such as a solvent delivery
pump, a valve V2 (high-pressure needle valve), a valve
V3 (e.g. two-way solenoid valve) fluidically connected to
the valve V2, a valve V4 (e.g. three-way solenoid valve),
a pressure transducer, a sample loop, a flow restrictor,
a seal pack 100, a sample needle 160, a sample source
(e.g. sample vial), a wash reservoir, a needle wash pump,
one or more waste reservoirs, and a sample syringe In
the system 10, a movement of the sample needle 160
may be limited to vertical movement. For example, the
sample needle 160 may not move in any other direction
but up and down, to aspirate a sample from a sample
source and inject the sample into an analytic flow path,
within the seal pack 100. Embodiments of system 10 may
further include a carousel of sample vials that may rotate
underneath the seal pack 100 to bring the proper sample
source (e.g. sample vial) into alignment with the sample
needle 160 of the seal pack 100. Once aligned, the sam-
ple needle 160 may be dropped down through the seal
pack 100 into the sample source to aspirate the sample
into the sample needle 100 and into the sample loop.
The sample is aspirated through a side port opening dis-
posed a distance from the tip of the sample needle 160,
and when the sample needle 160 enters the sample
source, some sample contacts and may remain on the
exterior surface of the sample needle 160, which may
contaminate results or otherwise adversely affect a car-
ryover percentage. After aspirating the sample, the sam-
ple needle 160 may then be pulled back up further into
the seal pack 100 to inject the sample into a high-pres-
sure analytic flow path.
[0056] The seal pack 100 shown in FIG. 1 may include
high-pressure seals (shown schematically as two rectan-
gles in the seal pack). The high-pressure seals are ar-
ranged against an outer diameter of the sample needle
160 to allow the sample to be injected through a side port
of the sample needle 160 into the high-pressure flow
path. The high-pressure flow path comes into the seal
pack 100 on side/point of the seal pack 100 (e.g. from
pump and through flow restrictor) and exits another
side/point of seal pack 100 to the column. The high-pres-
sure flow path is fluidically connected to the seal pack
100 through a small chamber surrounded by the two high-
pressure seals. After aspirating the sample from the sam-
ple source, the sample needle 160 may be brought back

up so that the side port is positioned within the chamber
surrounded by the high-pressure seals to inject the sam-
ple into the high-pressure analytic flow path.
[0057] Furthermore, when valve V1 is closed, the high-
pressure flow may be allowed to flow from the pump to
the flow restrictor and into the seal pack 100. When valve
V1 is open, the flow of the solvent/mobile phase may split
such that a portion of the mobile phase is passing through
to the flow restrictor and a portion is flowing towards valve
V2. When valve V2 is open, flow may continue towards
the pressure transducer and to the sample loop, and may
connect the sample syringe. To start the injection, the
sample needle 160 is in the seal pack, V2 is closed, and
V1 is opened. The flow coming from the pump now splits
as valve V1 is open, and small percentage of the flow
will go through the flow restrictor and the rest of the flow
will flow through valve V2 and to the pressure transducer
and to the sample loop and into the needle 160, and leave
the sample needle 160 through the side port of the sam-
ple needle 160 positioned between the two high-pressure
seals, and then into the column. The flow of the mobile
phase through the sample loop may push the sample in
the sample loop and the sample needle out through the
side port opening of the sample needle 160 and into the
analytic flow path.
[0058] The seal pack 100 depicted schematically in
FIG. 1 may house, contain, or otherwise accommodate
the sample needle 160 during the injection process. Em-
bodiments of the seal pack 100 may also have a wash
fluid pathway configuration that improves upon current
sample needle washing to reduce a carryover percent-
age of the system 10. Current sample needle washing
fails to directly wash an exterior surface of the sample
needle, among other things.
[0059] FIG. 2 depicts a cross-section view of current
seal pack 1. Seal pack 1 includes an upper body portion
10, a middle body portion 20, and a lower body portion
30. The seal pack 1 may house, seal, accommodate,
receive, etc. a sample needle 60. The seal pack 1 may
also include an upper frit 15 and a lower frit 35. FIG. 3
depicts a wash cycle for the current seal pack 1 of FIG.
2, when the sample needle 60 is in a first position. During
a wash cycle, a wash fluid 5 enters the seal pack 1 via
wash inlet 41 and flow through the wash inlet pathway
and then through a connection pathway 42 to a wash
outlet pathway and exits the seal pack 1 via wash outlet
43. As the wash fluid 5 flows through the wash outlet
pathway, the wash fluid 5 only cleans the lower frit 35,
and does not directly clean an exterior surface of the
sample needle 60 as the sample needle 60 is held in the
first position above the lower frit 35 for a predetermined
amount of time. Thus, for a predetermined amount of
time that the wash fluid 5 is flowing through the seal pack
1, only the lower wash frit 35 is being contacted with wash
fluid 5. However, even when the sample needle 60 is
lowered to a second position passing through the lower
frit 35 to aspirate a sample, the sample needle 60 is not
directly contacted with the wash fluid 5. FIG. 4 depicts a
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wash cycle for the current seal pack 1 of FIG. 2, when
the sample needle 60 is in a second position. As shown
in FIG. 4, with the current design of seal pack 1, the wash
fluid 5 flows around the lower frit 35 and into cavity 45 to
exit the seal pack 1 via the wash outlet 43, avoiding direct
contact with a surface of the sample needle 60. For in-
stance, nothing is forcing the wash fluid 5 to flow through
the lower wash frit 35, but rather the wash fluid 5 flows
around the circular lower wash frit 35 through the annular
cavity or gap 45 formed between the lower wash frit 35
and/or a lower wash frit retainer surrounding or partially
surrounding the lower wash frit 35 and the lower body
portion 20. As a result, the sample needle 60 may not be
washed/cleaned well enough to remove sample residue
left over from sample aspiration, thereby increasing a
probability of carryover.
[0060] Referring still to the drawings, FIG. 5 depicts a
cross-sectional-view of a seal pack 100, in accordance
with embodiments of the present invention. Embodi-
ments of the seal pack 100 may be a component in the
liquid chromatography system depicted in FIG. 1. Em-
bodiments of the seal pack 100 may include an upper frit
retainer 116, an upper frit 115, an upper body portion
110, a middle body portion 120, a high-pressure seal
arrangement 125 (e.g. an upper high-pressure seal and
a lower high-pressure seal), a lower body portion 130,
and a bushing 135 disposed within the lower body portion
130. Embodiments of the upper body portion 110, the
middle body portion 120, and the lower body portion 130
may be operably coupled to each other to form a general
body structure of the seal pack 100. For example, the
upper body portion 110, the middle body portion 120, and
the lower body portion 130 may be fastened together,
coupled together, attached together, adhered together,
or in some embodiments, may be structurally integral.
Embodiments of the upper body portion 110, the middle
body portion 120, and the lower body portion 130 may
be comprised of a metal, such as stainless steel.
[0061] Embodiments of the seal pack 100 may not in-
clude a lower wash frit, such as lower wash frit 35 of seal
pack 1 shown in FIGs. 2-4. Embodiments of the seal pack
100 may include a bushing 135 pressed-in to a cavity of
the lower body portion 130. The bushing 135 may be a
generally annular component made on a non-metal ma-
terial, such as Teflon ®. The bushing 135 may be dis-
posed within the lower body portion, and have a central
bore for receiving the sample needle 160 as the sample
needle 160 moves toward a sample source. Because the
bushing 135 may be comprised of a non-metal material,
the bushing 145 may prevent damage to the sample nee-
dle 160 from contacting a metal surface of the seal pack
100 (i.e. lower body portion 130) as the sample needle
160 moves towards and away from the sample source.
Additionally, air may be drawn through the bushing 135
disposed in the lower body portion 130 of the seal pack
100 as wash fluid 5is drawn through the seal pack 100
to reduce an overall solvent consumption rate as a needle
wash pump is turned on. Further, the seal arrangement

135 of the seal pack 100 may include a first high-pressure
seal and a second high-pressure seal disposed within or
proximate the middle body portion 120, forming a seal
around the sample needle 160 at a point where a sample
is injected into an analytic flow path, as described above
with respect to FIG. 1.
[0062] Moreover, embodiments of the seal pack 100
may include a plurality of wash flow pathways fluidically
connected to a central pathway 165 that accommodates
a sample needle 160, wherein a first wash flow pathway
is vertically offset from a second wash flow pathway, such
that a wash solution flows axially along an exterior sur-
face of the sample needle 160 in a vertical direction to
wash the sample needle 160 when flowing from the first
wash flow pathway to the vertically offset second wash
flow pathway. In an exemplary embodiment, the seal
pack 100 may have an upper body portion 110, a middle
body portion 120, and a lower body portion 130, which
forms a general body structure of the seal pack 100, the
seal pack 100 including a central flow path 165 extending
vertically through the seal pack 100, the central flow path
165 accommodating the sample needle 160, a wash inlet
141 disposed in the upper body portion 110, configured
to receive a wash solution 5, the wash inlet 141 connect-
ing to the central flow path 165 via flow path 142, a first
wash path 143 disposed in the upper body portion 120
and connected to the central flow path 165, the first wash
path 143 being vertically offset from the wash inlet 141,
a connecting wash path 144 extending through the upper
body portion 110, the middle body portion 120, and the
lower body portion 130, the connecting wash path 144
connecting the first wash path 143 to a second wash path
145 disposed in the lower body portion 130, wherein the
second wash path 145 is connected to the central flow
path 165, a third wash path 146 disposed in the lower
body portion 130, the third wash path 146 being vertically
offset from the second wash path 145, and a wash outlet
149 disposed in the middle body portion 120, the wash
outlet 149 being fluidically connected to a suction pump
for drawing the wash solution 5 through the seal pack
100. Embodiments of the flow paths 141, 142, 143, 144,
145, 146, 147, 148, 149 may be paths, fluid pathways,
pathways, bores, channels, tubes, connection lines, tun-
nels, and the like.
[0063] Embodiments of the seal pack 100 may include
a central pathway 165. Embodiments of the central path-
way 165 may be a channel, a tube, a path, a pathway, a
fluid path, a fluid pathway, bore, tunnel, and the like,
which may extend vertically along vertical axis 3. The
central pathway 165 may be positioned at a center loca-
tion of the seal pack 100. Further, embodiments of the
central pathway 165 may receive, accommodate, con-
tain, guide, hold, etc. the sample needle 160, as shown
in FIGs. 6-7. For instance, the sample needle 160 may
move up and down within the central pathway 165 along
the vertical axis 3. In an exemplary embodiment, the sam-
ple needle 160 may only move vertically along vertical
axis 3 to aspirate and inject the sample, and during wash
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cycles. The sample needle 160 may be washed without
having to move the sample needle 160 to another phys-
ical location outside of the seal pack 100. Embodiments
of the seal pack 100 may include a wash inlet 141. Ad-
ditionally, the central pathway 165 may extend through
the upper body portion 110, the middle body portion 120,
the lower body portion 130, and the bushing 135. An end
of the central pathway 165 proximate or otherwise near
an end face of the busing 135 may include an opening
that allows the sample needle 160 to exit the seal pack
100 for sample aspiration.
[0064] Embodiments of the seal pack 100 may include
a wash inlet 141. Embodiments of the wash inlet 141 may
be an inlet or opening proximate or at an external surface
of the seal pack 100, which may be in fluid communication
with a wash fluid or wash reservoir or wash source. The
wash inlet 141 may be disposed within the upper body
portion 110, configured to allow a wash solution or wash
fluid to enter the interior of the seal pack 100. In alterna-
tive embodiments, the wash inlet 141 may be disposed
in the lower body portion 130 or the middle body portion
120. The wash inlet 141 may also include a wash inlet
flow path 142 that may extend within the seal pack 100
to fluidically and physically connect the wash inlet 141 to
the central pathway 165. Furthermore, embodiments of
the seal pack 100 may include a wash flow path 143 (e.g.
a first wash flow path). Embodiments of the wash flow
path 143 may be disposed within the same body portion
of the seal pack 100 (e.g. upper body portion 110) as the
wash inlet 141 and wash inlet flow path 142. The wash
flow path 143 may be fluidically and physically connected
to the central pathway 165, extending from the central
pathway 165. For instance, the wash flow path 143 may
extend horizontally from the central pathway 165. The
wash flow path 143 may be in fluid communication or
fluidically connected to the wash inlet flow path 142, via
the central pathway 165. In an exemplary embodiment,
the wash flow path 143 may be vertically offset from the
wash inlet flow path 142 and/or wash inlet 141. For ex-
ample, the flow path 143 may be interconnected with the
central pathway 165 at a different point along the central
pathway 165 than the wash inlet flow path 142 and/or
wash inlet 141, such that a vertical distance of the central
pathway 165 separates the flow path 143 and the wash
inlet flow path 142/wash inlet 141. The offsetting of the
flow paths creates a section of the central pathway 165
that wash fluid may travel through to get from the wash
inlet flow path 142 to the wash flow path 143. As the wash
fluid travels through the central pathway 165 between
the flow paths 143, 142, the wash fluid washes the sam-
ple needle axially across the exterior surface of the sam-
ple needle 160, above the high-pressure seal arrange-
ment 125.
[0065] Referring still to FIG. 1, embodiments of the seal
pack 100 may include a connecting wash path 144. Em-
bodiments of the connecting wash path 144 may inter-
connect physically and fluidically the wash flow path 143
and the wash flow path 145 (e.g. a second wash flow

path). Embodiments of the connecting wash path 144
may be a connection path, a connector, a wash tube, a
connection tube, an interconnection, and the like, con-
figured to provide a fluid flow path between the wash flow
path 143 and wash flow path 145. The connecting wash
path 144 may extend in a vertical direction, parallel to
vertical axis 3 through the upper body portion 110, the
middle body portion 120, and the lower body portion 130.
In an exemplary embodiment, the connecting wash path
144 may be a straight pathway extending parallel to the
vertical axis 3. In other embodiments, the connecting
path 144 may be curved or otherwise include a stepped
configuration between the wash flow path 143 and the
wash flow path 145. Further, a seal or washer may be
disposed between the upper body portion 110 and the
middle body portion 120 at a point where the connecting
wash path 144 extends therethrough, and likewise be-
tween the middle body portion 120 and the lower body
portion 130 where the connecting wash path 144 extends
therethrough. Moreover, the wash flow path 145 may be
fluidically and physically connected to the central path-
way 165. The wash flow path 145 may be disposed in
the lower body portion 130 of the seal pack 100.
[0066] Embodiments of the seal pack 100 may further
include a wash flow path 146 (e.g. a third wash flow path).
Embodiments of the wash flow path 146 may be disposed
within the same body portion of the seal pack 100 (e.g.
lower body portion 130) as the wash flow path 145. The
wash flow path 146 may be fluidically and physically con-
nected to the central pathway 165, extending from the
central pathway 165. For instance, the wash flow path
146 may extend horizontally from the central pathway
165. The wash flow path 146 may be in fluid communi-
cation or fluidically connected to the wash flow path 145,
via the central pathway 165. In an exemplary embodi-
ment, the wash flow path 146 may be vertically offset
from the wash inlet path 145. For example, the flow path
146 may be interconnected with the central pathway 165
at a different point along the central pathway 165 than
the wash flow path 145, such that a vertical distance of
the central pathway 165 separates the flow path 146 and
the wash flow path 145. The offsetting of the flow paths
creates a section of the central pathway 165, which may
be discrete and distinct from the section of the central
pathway 165 between path 142 and 143, that wash fluid
may travel through to get from the wash flow path 145 to
the wash flow path 146. As the wash fluid travels through
the central pathway 165 between the flow paths 145,
146, the wash fluid washes the sample needle axially
across the exterior surface of the sample needle 160,
below the high-pressure seal arrangement 125.
[0067] Additionally, embodiments of the seal pack 100
may include wash outlet 149. Embodiments of the wash
outlet 149 may be an outlet or opening proximate or at
an external surface of the seal pack 100, which may be
in fluid communication with a needle wash pump and a
waste wash reservoir. For instance, a needle wash pump,
which may be one or more pumps, may be connected to
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the wash outlet 149, and create a suction force sufficient
to create a vacuum within the seal pack 100 and to draw
the wash fluid from the needle wash reservoir and into
the wash inlet 141, as schematically depicted in FIG. 1.
The wash outlet 149 may be disposed within the middle
body portion 120, configured to allow a wash solution or
wash fluid to exit the interior of the seal pack 100. In
alternative embodiments, the wash outlet 149 may be
disposed in the lower body portion 130 or the upper body
portion 110. The wash outlet 149 may also include a wash
outlet flow path 148 that may extend within the seal pack
100 to fluidically and physically connect the wash outlet
149 to an intermediate wash flow path 147. The interme-
diate wash flow path 147 may connect the wash flow path
146 to the wash outlet flow path 147 and ultimately the
wash outlet 149. The intermediate flow path 147 may
extend across multiple body portions of the seal pack
100, such as the lower body portion 130 and the middle
body portion 120. At these points where the intermediate
flow path 147 extends across the body portions of the
seal pack 100, a washer or seal may be disposed.
[0068] Accordingly, embodiments of the seal pack 100
may include a wash fluid flow path configuration that pro-
motes direct contact between the wash fluid 5 and the
sample needle 160, such that the wash fluid 5 flows ax-
ially along a length of the exterior surface of the sample
needle 160 simultaneously or otherwise at one or more
locations (e.g. above and below high-pressure seal ar-
rangement 125). FIG. 6 depicts a wash cycle through the
seal pack 100 when the sample needle 160 is in a first
position, in accordance with embodiments of the present
invention. In the first position, a tip of the sample needle
160 is positioned above the bushing 135 of the lower
body portion 130, within the central pathway 165 of the
lower body portion 130. If a wash cycle is initiated while
the sample needle 160 is in the first position shown in
FIG. 6, the sample needle 160 may still be washed by
the wash fluid 5, axially along the exterior surface of the
sample needle 160. A wash fluid 5 may be drawn in to
the wash inlet 141 by suction forces created when the
needle wash pump is activated and the valve V4 asso-
ciated with the needle wash reservoir is in a position to
allow flow of the wash fluid 5 from the wash reservoir.
The wash fluid 5 may flow through the wash inlet 141
and through the wash inlet flow path 142 to the central
pathway 165 where the wash inlet flow path 142 inter-
sections or connects with the central pathway 165. The
wash fluid 5 may thus flow axially along and against a
length of the exterior surface of the sample needle 160
through the central pathway 165 in a vertical direction
(e.g. up) along axis 3 to the wash flow path 143. The flow
of the wash fluid 5 axially across the sample needle 160
may act to clean and/or wash the sample needle 160 to
help remove unwanted sample from previous runs that
may have contacted the sample needle 160. The wash
fluid 5 may continue flowing through the wash flow path
143 and through the connecting wash path 144 to reach
the wash flow path 145. Because there is no lower wash

frit, the wash fluid 5 continues through wash flow path
145 and may flow axially along and against a length of
the exterior surface of the sample needle 160 through
the central pathway 165 in a vertical direction (e.g. down)
along axis 3 to the wash flow path 146. The flow of the
wash fluid 5 axially across the sample needle 160 may
act to clean and/or wash the sample needle 160 to help
remove unwanted sample from previous runs that may
have contacted the sample needle 160. The wash fluid
may then flow through the wash flow path 146 and exit
via the wash outlet 149. In an exemplary embodiment,
the wash fluid 5 may flow through the intermediate wash
flow path 147 to the wash outlet flow path 148 and out
through the outlet 149 to a wash waste reservoir. Thus,
when the sample needle 160 is in the first position, prior
to aspirating a sample from a sample source, the wash
fluid 5 may be directly contacting the surface of the sam-
ple needle 160 to provide washing/cleaning benefits.
[0069] FIG. 7 depicts a wash cycle through the seal
pack of FIG. 5, when the sample needle is in a second
position, in accordance with embodiments of the present
invention. The flow path of the wash fluid 5 may be the
same or substantially the same as when the sample nee-
dle 160 is in the first position. However, the wash fluid 5
may be flowing through the seal pack 100 as the sample
needle moves from the first position shown in FIG. 6 to
the second position shown in FIG. 7. To achieve the sec-
ond position, the sample needle 160 is lowered or oth-
erwise moved in a direction D (e.g. vertically along axis
3) towards a sample source, and eventually into a sample
source (e.g. sample vial) to aspirate the sample. Thus,
in exemplary embodiments, the sample needle 160 is
being directly contacted with the wash fluid 5 axially along
a length of the exterior surface of the sample needle 160
to remove sample from the exterior surface of the sample
needle 160 and ultimately reduce a carryover percent-
age. Because the sample needle 160 is moving in direc-
tion D from the first position to the second position, and
the wash fluid 5 flows axially along the sample needle
160 through sections of the central pathway 165, a sur-
face area of the exterior surface of the sample needle
160 being cleaned is increased and overall exposure of
the sample needle 160 to the wash fluid 5 is increased
throughout the wash cycle.
[0070] FIG. 8 depicts a wash cycle through the seal
pack of FIG. 5, when the sample needle has returned to
the first position, in accordance with embodiments of the
present invention. The flow path of the wash fluid 5 may
be the same or substantially the same as when the sam-
ple needle 160 is in the first position and second position.
However, the wash fluid 5 may be flowing through the
seal pack 100 as the sample needle 160 moves from the
second position shown in FIG. 7 back to the second po-
sition shown in FIG. 8. To return to the first position from
the second position, the sample needle 160 is raised or
otherwise moved in a direction D (e.g. vertically along
axis 3) away from a sample source to eventually inject
the sample into the high-pressure analytic flow path flow-
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ing through the seal pack 100 and ultimately to the col-
umn of the liquid chromatography system. Thus, in ex-
emplary embodiments, the sample needle 160 is being
directly contacted with the wash fluid 5 axially along a
length of the exterior surface of the sample needle 160
to remove sample from the exterior surface of the sample
needle 160 and ultimately reduce a carryover percent-
age. Because the sample needle 160 is moving in direc-
tion D from the second position to the first position, and
the wash fluid 5 flows axially along the sample needle
160 through sections of the central pathway 165, a sur-
face area of the exterior surface of the sample needle
160 being cleaned is increased and overall exposure of
the sample needle 160 to the wash fluid 5 is increased
throughout the wash cycle.
[0071] In alternative embodiments, the seal pack 100
may include one or more flow paths in addition to the flow
paths shown in FIGs. 5-8. For example, embodiments of
the seal pack 100 may have a wash flow path configu-
ration that directs the wash fluid 5 to flow through the
central pathway 165 at more than two distinct and dis-
crete locations. Further, embodiments of the seal pack
100 may include a wash flow path configuration that only
washes the sample needle 160 above the high-pressure
seal arrangement 125 or only below the high-pressure
seal arrangement 125.
[0072] Referring now to FIGs. 1 and 5-8, embodiments
of the seal pack 100 may be a part of an autosampler or
sample manager of a liquid chromatography system 10.
In an exemplary embodiment, an autosampler of a liquid
chromatography system may include a sample needle
160 configured to aspirate a sample from at least one
sample source and inject the sample into an analytic flow
path of the liquid chromatography system, and a seal
pack 100 comprising a plurality of wash flow pathways
fluidically connected to a central pathway that accommo-
dates the sample needle, wherein a first wash flow path-
way is vertically offset from a second wash flow pathway.
Embodiments of the autosampler may also include a
pump delivering a mobile phase to the seal pack 100,
and a needle wash pump fluidically connected to the seal
pack 100 to draw a wash solution 5 through the plurality
of wash flow pathways of the seal pack 100 and into a
waste reservoir. In the autosampler of exemplary em-
bodiments of the present invention, when the needle
wash pump draws the wash solution through the plurality
of wash flow pathways, a wash solution flows axially
along an exterior surface of the sample needle in a ver-
tical direction to wash the sample needle when flowing
from the first wash flow pathway to the vertically offset
second wash flow pathway.
[0073] Furthermore, a method of washing a sample
needle 160 of a liquid chromatography system may in-
clude a step of directing a wash fluid 5 axially along an
exterior surface of a sample needle 160 contained within
a central pathway 165 of a seal pack 100, the central
pathway 165 guiding the sample needle 160 in a vertical
only direction. Embodiments of the step of directing the

wash solution 5 axially along the exterior surface of the
needle 160 may include multiple steps. For instance, the
step of directing the wash solution 5 axially along the
sample needle 160 may include a step of connecting a
wash fluid inlet flow path 142 located in an upper body
portion 110 of the seal pack 100 to the central pathway
165. The directing may also include a step of vertically
offsetting a wash flow path 143 located within the upper
body portion 110 from the wash fluid inlet flow path 142
along the central pathway 165, and/or vertically offsetting
a wash flow path 146 located within the lower body por-
tion 130 from a wash flow path 145 also located in the
lower body portion, along the central pathway 165. The
directing step may also include fluidically connecting a
wash flow outlet disposed within the seal pack 100 to
draw the wash solution 5 into the wash fluid inlet flow
path 142/141 and through the central pathway against
the exterior surface of the sample needle 160 to the wash
flow paths of the seal pack 100. The step of directing may
also include the steps of interconnecting the wash flow
path 143 located in the upper body portion 110 of the
seal pack 100 with a first wash flow path 145 located in
a lower body portion 130 of the seal pack 100, connecting
the first wash flow path 145 to the central pathway 165,
and vertically offsetting a second wash flow path 146
located in the lower body portion 130 of the seal pack
100 from the first wash flow path 145 along the central
pathway 165. Moreover, embodiments of the method of
washing the sample needle 100 may also include a step
of disposing a bushing 135 having a bore for receiving
the sample needle 160 in the lower body portion 120 of
the seal pack 100, the bushing 135 preventing the sample
needle 160 from contacting a surface of the lower body
portion 130 of the seal pack 100 as the sample needle
160 moves vertically in and out of the seal pack 100 to
aspirate a sample. The method may also include a step
of drawing air through an opening in the bushing 135
disposed in the lower body portion 130 of the seal pack
100 as the wash fluid 5 is drawn through the seal pack
100 to reduce an overall solvent consumption rate as a
needle wash pump is turned on. The method may achieve
a carryover percentage equal to or less than 0.0025%.
[0074] Furthermore, seal pack 100 may be conducive
to applying new wash sequences that can reduce a car-
ryover percentage. An exemplary wash sequence for
washing a sample needle of an autosampler of a liquid
chromatography system may include continuously wash-
ing an exterior surface of the sample needle 160 con-
tained within a seal pack 100 of the autosampler as the
sample needle 160 moves toward a sample source lo-
cated proximate the seal pack 100, for a predetermined
amount of time. During the wash sequence, the exterior
surface of the sample needle 160 may be washed as the
sample needle 160 moves up and away from the sample
source. The wash sequence may include more than one
modes or sequences. For example, the wash sequence
may include a "normal" sequence, a "double" sequence,
and an "extended" sequence.
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[0075] In the normal sequence, the predetermined
amount of time of washing the sample needle 160 may
be between 3-4 seconds (e.g. 3.6 second), as the sample
needle 160 moves from inside the seal pack towards the
sample source and into the sample source to aspirate
the sample. In the "double" sequence, the predetermined
amount of time of washing the sample needle 160 may
be between 14-16 seconds (e.g. 15 second), as the sam-
ple moves towards the sample source and into the sam-
ple source to aspirate the sample. The time for the wash-
ing cycle in the "double" sequence is approximately dou-
ble or slightly more than double the time in the "normal"
sequence.
[0076] In the "double" sequence, a movement speed
of the sample needle 160 from inside the seal pack 100
to the sample source may be reduced, slowed, throttled,
etc. to extend the predetermined amount of wash time
from 3-6 seconds to 14-16, without pausing the move-
ment of the needle 160, as compared to a movement
speed of the sample needle in the "normal" sequence.
In previous, known wash sequences, a movement of the
needle 160 would be paused for a predetermined amount
of time (e.g. 14 seconds) while the sample needle 160
was in the position shown in FIG. 3, wherein the wash
fluid was only contacting and moving around the wash
frit 35. Thus, by not pausing and continuously but con-
trollably reducing a movement speed of the sample nee-
dle 160 as the sample needle 160 enters the sample
source, a duration of direct exposure of the exterior sur-
face of the sample needle 160 to a wash fluid 5 is thereby
increased, which can reduce a carryover percentage.
[0077] In the "extended" sequence, the predetermined
amount of wash time as the sample needle 160 moves
towards the sample source to aspirate the sample may
be equivalent to the "double" sequence, but may also
include an additional washing step for a predetermined
amount of time as the sample needle 160 moves away
from the sample source and returns to an original position
within the seal pack 100. The predetermined amount of
time of the additional washing step (e.g. 14-16 seconds)
may be equivalent to the predetermined amount of time
for the "double" sequence. In previous, known wash se-
quences, a movement of the needle 160 would be paused
for a predetermined amount of time (e.g. 40 seconds)
while the sample needle 160 was in the position shown
in FIG. 3, wherein the wash fluid was only contacting and
moving around the wash frit 35. Thus, by not pausing
and continuously but controllably reducing a movement
speed of the sample needle 160 as the sample needle
160 enters the sample source and returns to the interior
of the seal pack 100, a duration of direct exposure of the
exterior surface of the sample needle 160 to a wash fluid
5 is thereby further increased, which can reduce a car-
ryover percentage.
[0078] During the wash sequence described herein,
the continuous washing of the exterior surface of the sam-
ple needle 160 may occur axially along the sample needle
160 in a vertical direction, within a central pathway 165

of the seal pack 100. For instance, a wash fluid 5 may
directly contact the exterior surface of the sample needle
160 during the continuous washing. Furthermore, the
sample needle 160 may only move up and down within
the seal pack 100 during the continuous washing of the
wash sequence, and the sample needle 160 may not be
relocated to a separate component for washing, remain-
ing within the central pathway 165 of the seal pack 100.
Using this wash sequence with the seal pack 100 may
achieve a carryover percentage is equal to or less than
0.0025%.
[0079] FIG. 9 depicts a graphical illustration of achiev-
ing a carryover percentage below 0.0025% using the seal
pack of FIG. 5 and the "normal" wash sequence, in ac-
cordance with the embodiments of the present invention.
The carryover percentage well below 0.0025% may be
achieved using the seal pack 100 with the other wash
sequences described above. Carryover percentage may
refer to the presence of an analyte after a blank having
no sample is injected into the analytic flow path. Systems
Qualification Tests (SQT) may be performed to test a
carryover percentage. To test for a carryover percentage,
a blank having no sample and only mobile phase (e.g.
solvent) is first injected into the analytic flow path to show
that the sample needle 160 is clean. Then, a carryover
standard 201 of sample is injected into the analytic flow
path. In FIG. 9, the carryover standard injection was
0.0025%. Next, a challenge sample containing a sample
is injected into the analytic flow path. After the challenge
sample is injected, one or more blanks 202 (e.g. no sam-
ple, only mobile phase) may again be injected into the
analytic flow path. FIG. 9 indicates the peak carryover
percentage for the carryover standard injection at 201p,
and indicates the peak carryover percentage for two
blanks after the challenge sample was injected at 202p.
As can be seen graphically in FIG. 9, the peak carryover
percentage after the challenge sample was injected was
well below 0.0025% (i.e. 0%). The sample used in the
SQT shown in FIG. 9 is caffeine. However, the seal pack
100 using the "normal" wash sequence achieves a car-
ryover percentage below 0.0025% and at 0 (i.e. carryo-
ver) for other samples, such as anthracene, diphenhy-
dramine, oxybutynin, and sulfadimethoxine. Accordingly,
the seal pack 100 may reduce or eliminate a carryover
percentage as compared to previous, known seal packs.
[0080] While this disclosure has been described in con-
junction with the specific embodiments outlined above,
it is evident that many alternatives, modifications and var-
iations will be apparent to those skilled in the art. Accord-
ingly, the preferred embodiments of the present disclo-
sure as set forth above are intended to be illustrative, not
limiting. Various changes may be made without departing
from the spirit and scope of the invention, as required by
the following claims. The claims provide the scope of the
coverage of the invention and should not be limited to
the specific examples provided herein.
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REPRESENTATIVE FEATURES

[0081]

1. A seal pack of a sample manager of a liquid chro-
matography system, the seal pack comprising:
a plurality of wash flow pathways fluidically connect-
ed to a central pathway that accommodates a sam-
ple needle, wherein a first wash flow pathway is ver-
tically offset from a second wash flow pathway, such
that a wash solution flows axially along an exterior
surface of the sample needle in a vertical direction
to wash the sample needle when flowing from the
first wash flow pathway to the vertically offset second
wash flow pathway.
2. The seal pack of clause 1, wherein the wash so-
lution flows within the central pathway between the
first wash flow pathway and the second wash flow
pathway.
3. The seal pack of clause 1, wherein the wash so-
lution washes the sample needle as the sample nee-
dle moves vertically within the seal pack.
4. The seal pack of clause 1, further comprising an
upper body portion, a middle portion, and a lower
body portion, which form a general body structure of
the seal pack.
5. The seal pack of clause 4, wherein the first wash
flow pathway and the second wash flow pathway are
both disposed within the upper body portion.
6. The seal pack of clause 1, wherein the first wash
flow pathway includes a wash inlet fluidically con-
nected to an external wash reservoir of the liquid
chromatography system.
7. The seal pack of clause 1, wherein the exterior
surface of the sample needle is simultaneously
cleaned by the wash solution at two different sub-
sections of the exterior surface of the surface needle.
8. The seal pack of clause 7, wherein the two different
subsections of the exterior surface of the sample
needle being simultaneously cleaned are located
above and below a high-pressure seal arrangement
within the seal pack, respectively.
9. The seal pack of clause 1, wherein a carryover
percentage is equal to or less than 0.0025%.
10. A seal pack of a sample manager of a liquid chro-
matography system, the seal pack having an upper
body portion, a middle body portion, and a lower body
portion, which forms a general body structure of the
seal pack, the seal pack comprising:

a central flow path extending vertically through
the seal pack, the central flow path accommo-
dating a sample needle;
a wash inlet disposed in the upper body portion,
configured to receive a wash solution, the wash
inlet connecting to the central flow path;
a first wash path disposed in the upper body
portion and connected to the central flow path,

the first wash path being vertically offset from
the wash inlet;
a connecting wash path extending through the
upper body portion, the middle body portion, and
the lower body portion, the connecting wash
path connecting the first wash path to a second
wash path disposed in the lower body portion,
wherein the second wash path is connected to
the central flow path;
a third wash path disposed in the lower body
portion, the third wash path being vertically off-
set from the second wash path; and
a wash outlet disposed in the middle body por-
tion, the wash outlet being fluidically connected
to a suction pump for drawing the wash solution
through the seal pack.

11. The seal pack of clause 10, wherein, when the
wash solution flows from the wash inlet to the first
wash path, the wash solution flows axially along the
sample needle in a vertical direction to directly wash
the sample needle.
12. The seal pack of clause 10, wherein, when the
wash solution flows from the second wash path to
the third wash path, the wash solution flows axially
along the sample needle in a vertical direction to di-
rectly wash the sample needle.
13. The seal pack of clause 10, wherein the seal
pack does not include a lower wash frit.
14. The seal pack of clause 10, further comprising
an upper wash frit retainer and an upper wash frit,
wherein the sample needle passes through the up-
per wash frit.
15. The seal pack of clause 10, further comprising a
bushing disposed within the lower body portion, the
bushing having a central bore for receiving the sam-
ple needle as the sample needle moves toward a
sample source.
16. The seal pack of clause 15, wherein the bushing
is comprised of a non-metal material and prevents
damage to the sample needle from contacting a met-
al surface of the seal pack as the sample needle
moves towards and away from the sample source.
17. The seal pack of clause 10, wherein the wash
solution is flowing through the seal pack as the sam-
ple needle is moving within the seal pack.
18. The seal pack of clause 10, further comprising a
first high-pressure seal and a second high-pressure
seal, the first high-pressure seal and the second
high-pressure seal are disposed within the middle
body portion, and form a seal around the sample
needle at a point where a sample is injected into an
analytic flow path.
19. The seal pack of clause 10, wherein a carryover
percentage is equal to or less than 0.0025%.
20. An autosampler of a liquid chromatography sys-
tem, comprising:
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a sample needle, the sample needle configured
to aspirate a sample from at least one sample
source and inject the sample into an analytic flow
path of the liquid chromatography system;
a seal pack, the seal pack comprising a plurality
of wash flow pathways fluidically connected to
a central pathway that accommodates the sam-
ple needle, wherein a first wash flow pathway is
vertically offset from a second wash flow path-
way;
a pump delivering a mobile phase to the seal
pack; and
a needle wash pump fluidically connected to the
seal pack to draw a wash solution through the
plurality of wash flow pathways of the seal pack
and into a waste reservoir;
wherein, when the needle wash pump draws the
wash solution through the plurality of wash flow
pathways, a wash solution flows axially along
an exterior surface of the sample needle in a
vertical direction to wash the sample needle
when flowing from the first wash flow pathway
to the vertically offset second wash flow path-
way.

[0082] This divisional application is divided from
EP19722261.5 (the ‘parent application’) and the division-
al specification as filed comprises the content of the par-
ent application, including the original claims recited as
‘representative features’ above. The scope of this disclo-
sure therefore includes the full content of the parent ap-
plication. In any case, protection may be sought for any
features disclosed in the parent application as filed.

Claims

1. A seal pack of a sample manager of a liquid chro-
matography system, the seal pack comprising:
a plurality of wash flow pathways fluidically connect-
ed to a central pathway that accommodates a sam-
ple needle, wherein a first wash flow pathway is ver-
tically offset from a second wash flow pathway, such
that a wash solution flows axially along an exterior
surface of the sample needle in a vertical direction
to wash the sample needle when flowing from the
first wash flow pathway to the vertically offset second
wash flow pathway.

2. The seal pack of claim 1, wherein the first wash flow
pathway includes a wash inlet fluidically connected
to an external wash reservoir of the liquid chroma-
tography system.

3. The seal pack of claim 1, wherein the exterior surface
of the sample needle is simultaneously cleaned by
the wash solution at two different subsections of the
exterior surface of the sample needle.

4. The seal pack of claim 3, wherein the two different
subsections of the exterior surface of the sample
needle being simultaneously cleaned are located
above and below a high-pressure seal arrangement
within the seal pack, respectively.

5. The seal pack of claim 1, wherein a carryover per-
centage is equal to or less than 0.0025%.

6. The seal pack of claim 1, wherein the central pathway
extends vertically through the seal pack to permit the
sample needle from entering the seal pack at one
end and exiting the seal pack at an opposing end.

7. The seal pack of claim 1, wherein the seal pack ac-
commodates the sample needle during an injection
process of the sample.

8. The seal pack of claim 1, wherein the plurality of
wash flow pathways comprises:

a first plurality of wash flow pathways disposed
in an upper portion of the seal pack wherein the
wash solution flows axially along the exterior
surface of the sample needle at a first area of
the sample needle; and
a second plurality of wash flow pathways dis-
posed in a lower portion of the seal pack wherein
the wash solution flows axially along the exterior
surface of the sample needle at a second area
of the sample needle.

9. The seal pack of claim 8, further comprising a con-
necting wash flow pathway fluidically connecting the
first plurality of wash flow pathways to the second
plurality of wash flow pathways.

10. The seal pack of claim 8, wherein the exterior surface
of the sample needle is simultaneously cleaned by
the wash solution at the first area and the second
area of the sample needle.

11. The seal pack of claim 8, wherein the connecting
wash flow pathway extends parallel to the central
pathway.

12. The seal pack of claim 6, wherein

the wash solution flows axially along the exterior
surface of the sample needle in a vertical direc-
tion to wash the sample needle at a first subsec-
tion of the sample needle; and
a connecting wash flow pathway fluidically con-
necting the plurality of wash flow pathways to
another plurality of wash flow pathways config-
ured to wash the sample needle at a second
subsection of the sample needle that is separate
from the first subsection of the sample needle;
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wherein the central pathway accommodates the
sample needle during an injection process of the
sample.

13. The seal pack of claim 1 or 12, further comprising
an upper body portion, a middle portion, and a lower
body portion, which form a general body structure of
the seal pack, optionally wherein the first wash flow
pathway and the second wash flow pathway are both
disposed either within the upper body portion or with-
in the lower body portion.

14. The seal pack of claim 12, wherein the exterior sur-
face of the sample needle is simultaneously cleaned
by the wash solution at the first subsection and the
second subsection of the sample needle.

15. The seal pack of claim 1 or 12, wherein the wash
solution flows within the central pathway between
the first wash flow pathway and the second wash
flow pathway, and optionally washes the sample
needle as the sample needle moves vertically within
the seal pack.
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